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ABSTRACT 


This article provides information about the laws of distribution of waves, taking into account a 
sphere with a broken unloading, as well as their solutions. 
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If the state diagram of the medium during unloading has a broken line (Fig. 3) consisting of two 
straight lines, then the results of the previous paragraph are valid as long as P(r,t)= P** . Therefore, 
based on the physical plane (r,t), the surface r=R ; (t) is first determined, in which P=P**, and then 
the distribution of velocity and strain on it is found from the calculations. Calculations show that the 
pressure at the shock wave front decays more weakly than at the cavity. In this regard, the pressure 
isobar turns out to be elongated towards the spatial coordinate r (Fig. 1). 


t 


Figure 1. Pressure isobar during unloading. 


Depending on the value of the rate of "Unloading strain" C,,; = /E£,/Po (Fig.3) (E) < £) there 
may be cases a, 5. If R,(t) < Cy1, then case a (Fig. 1) is realized, and for R,(t) > Cy1, Case 0 is 
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realized (Fig. 2). 


B(R: ,t: ) 


Figure 2. Unloading cases 


We assume the solution of the problem for the case a . In this case, region 2 is bounded by a non- 
characteristic surface AB, where P (r,t) = P** = const, a characteristic of the positive direction BC 
and a layer boundary AC (Fig. 4). Note that the solution to this problem in region I, where P = 
(r,t) = P*™ is constructed, will be used to obtain the corresponding solution to the problem in the 
subsequent region 2. [1]. 


In region 2, this problem has boundary conditions 


P(r,t) =P =const, 
UG ty =U"), 


= R(t 1 
au U_ _ae*(t) npur 1() (1) 
or i ro ot 
And the equation of state of the medium 
P(r,t) = P* + E,(E-—E*™), (2) 


where, FE, = PoCha , P*™* —value given by the diagram Poo€: In the plane case (v=0), the wave 
equation for region 2 is written as: 


a*U 2 07U 
aoe Epi gpa = 9 (3) 


Which has a solution 


U(r, t) = F,(r — Cyt) + For + Cyt) (4) 
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Substituting (4) into the last two conditions (1) and performing calculations similar to those for the 
problem with linear unloading, we obtain: 


UG, t) = 
U**(Ro, to’) = 
san (ie, UCR (FCZA)) + Cp) B(FZ1)) + UFZ) dz + Jf 


2Cpi Z30 


E"(F(Z,)) + U"(F(Z2))|dZ2}. (5) 


| 


(Ri(F(Z2)) — Cp1) - 


where, Z39,49 = Ro FCpito, F(Zj) G@ = 1,2) is the root of the equation Rj (t) + Cyit = Zj _i 
with respect to time t. 


After integrating the first equation, taking into account (5), the load P_0O (t) at the layer boundary 
AC is expressed by the formula: 


Po(t) =P — 72 $0" [a (F(r — Coat) + Cpr) E* (F(r — Cpit)) + U(r - Cpit))] + 
(Rs (Fr + cyst) — Cpr) E** (F(r + Cpit)) + U(r + Cpt) |} ar. (5) 


For a spherical wave (V=2) in region 2, taking into account (1), the solution of equation (3) with the 
coefficient C, replaced by Cp; is represented as: 


r—Cpit bo 
1 
ue==4- fd [ dG abi 
Z10 
r+Cpit r+Cpit Ri [TF (Z2)]-Cp1F (22) 
- [ Rlray-ér(r@))a+ { dz fdas 
220 220 Z10 
r—-Cpit Z4 
1 
-3\- | az {| as, J ode 
Z10 Z10 
r+Cpit & 
- [ag | rtrd E" EDIE, 
220 220 
7+Cpit &3 RyLF(S2)]—Cp1 F Ea) 
M3Cyit Nz 
+ {as fa f  eGnde p+ FE-S 
220 220 220 
= RiIF(Z1)] G[F(Z,)|-RZ | 4Ri0"*[F@1)I i ee 
Oe) = 2Cp1RilF(Z1)](Ra- al R3 + R? +2(¢+ Ry a [F(Z.)] + 


(2 - cos) (1 fe 2) + Ry oe é*(F(Z,)) 4 Rt (1 +2). e(re)h 6 


Ry Ry 


| oa | Middle European Scientific Bulletin, Volume 30 | nov-2022 


MIDDLE EUROPEAN SCIENTIFIC BULLETIN ISSN 2694-9970 
https://cejsr.academicjournal.io 
where: Z10,20=R1(to) + Cyito, M3 = (Cz — C3), nz = (C4 — Cs) are arbitrary integration constants 


determined from the condition U(r, t) = Up(to), U(r, t) = Up (to), are expressed as dependencies: 


ms a] ee volt) 5 Z +é“Ce)| 


pl 


Uolt OK 
1 = CyrtoR6 [2002 + €°*(¢9)| — RBU oto) 0) 


The formula for the load, taking into account (1) and (4), has the form: 


Po(t) =P + polpr {Ian {fe P™ bE dE — RLF (r + Cit JE" [F(r + Git)] + 


210 


(areraer cpiF(r+Gpit) b(E, dg} dr — 


210 


fr Sfp O™ de J" oG)dé - 


r2 
r+Cpit OK rt+Cpit 
Sino RalF(E2)]-€ (FE) Jag, + J 
(8) 
Thus, the solutions of the plane and spherical problems in region 2, taking into account (3), (4) and 
(5), (6), are completely obtained. 


Ry [F(E2)]—Cp 1 FE 
dé [pS "SY 6, dé, — ms} dr}. 


Note that the solution of the problem for both a plane and a spherical wave in region 3 is constructed 
in the same way as in region I, with the only difference that in region 3 Young's modulus E7 takes 
place [2]. In areas 4 and 5, which are limited by the characteristics of the positive and negative 
directions, as well as the boundary of the layer CE (Fig. 1), the Goursat problem is obtained, the 
construction of a solution to which is not difficult [3]. 


Based on the solution of the problem in area 5, the profile of the load on the CE is determined. For 
subsequent areas 6, 7, etc., the problem is solved in a similar way until Po()= 0 [4]. 


In the case 6 (Fig. 2), the solutions of the problems of plane and spherical waves in region 2 do not 
differ from the case a and they are mathematically identical. However, in the case of a, at the 
boundary of the layer, we have a section of application of the load AC, while in the case of 6 it is 
absent. In this regard, in the case of a, it is required to determine the load profile on AC, and in the 
case of 5, an additional region 3 arises, where it is necessary to find the forms of the shock wave 
front in section BD. 


In conclusion, we can say that the solution of problems for a plane and spherical wave in region 3 
(Fig. 2), taking into account the corresponding boundary conditions on the characteristic BE, 
mathematically reduces to a boundary problem, where there was a linear unloading of the medium. 
Therefore, apparently there is no need to present here the solution of the above problem. 
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Conclusions: 


In conclusion, we can say that the solution of problems for a plane and spherical wave in region 3 
(Fig. 2), taking into account the corresponding boundary conditions on the characteristic BE, 
mathematically reduces to a boundary problem, where there was a linear unloading of the medium. 
Therefore, apparently there is no need to present here the solution of the above problem. 
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